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�J¨©¡m¡ ¥ ±³¨©� ² ° ¥  ¥ ¯�¤R±³¤J�¶�´µ��;¯ ±·¦#¤p�X� ² ª;¤ ² ±·¨m� ²�¥ ¡&£�¤ ¥ ¯ ¤��F°�¤J·¨©¯�¤ ² ±³¶ ¥�² ¢x��·¶�±=�;¤ ² ¤J ¥ ±³¨m� ²

��y



D
R

A
FT0.3 0.4 0.5 0.6 0.7

sin2 Θ23

1.4

1.6

1.8

2.0

2.2

2.4

2.6

2.8

D
m

312
@10-

3
eV

2
D

NUE

0.3 0.4 0.5 0.6 0.7
sin2 Θ23

1.4

1.6

1.8

2.0

2.2

2.4

2.6

2.8

D
m

312
@10-

3
eV

2
D

Combined

0.3 0.4 0.5 0.6 0.7
sin2 Θ23

1.4

1.6

1.8

2.0

2.2

2.4

2.6

2.8

D
m

312
@10-

3
eV

2
D

MINOS+ICARUS+OPERA

0.3 0.4 0.5 0.6 0.7
sin2 Θ23

1.4

1.6

1.8

2.0

2.2

2.4

2.6

2.8

D
m

312
@10-

3
eV

2
D

T2K

È,¼XÑ1Êb¾$µ(¶\¸ ¶ ¹ ±�º\µÎXÏJÐ2Ñ!Ò ßÕÄ¿Ås´m¼Ã»ÐÂfÊ\¾ Â µ�Ä¦áM²sÀ\»Ð¶&z ßÕ»\²sÄ¿ºbµ�»«ÂfÊb¾ Â µ�Ä$á ²�´m´XÅ�ËSµ�» ¾¿µ�Ñs¼mÅsÀ\Ä(ß©Á|»�¸ Å\¸ Æ�¸ á ¼XÀÐÁ¿ºbµÄ¿¼XÀ÷ÉTÌ É Í Äµú ã ÉÍN¿ ÄCÈb´Ã²�ÀbµZÆxÅ1¾�Á¿ºbµÏÂfÅsÉ ³b¼mÀbµ�»|ÂfÅ1À Â µhÀBÁ¿¼mÅsÀ>²�´�³>µ�²�ÉuÄ�ßLÓÕÔÖÅ)×6Ø.Í!ÔöÚTÜ�Ý0Æ0Ø.Í�×	Þ0ÇIÝ�ÜváfÍ0èAé÷ê_ÍnÅ!ÆAÇßxÀ\Å	ëAì8áfÍ�²sÀ\»M²s´X´P³:µ�²sÉõµfÇ�È>µ�¾¿¼mÉZµhÀBÁ$Ä,ÂfÅ1ÉM³b¼mÀbµ�»Ìßx¼mÀ\Âh´XÊ\»bµ�Ä�ÂfÅ1¾¿¾$µh´Ã²�Á$¼XÅ1À\Ä$áf¸�±�ºbµkÄ�º>²s»�µ�»�¾¿µ�Ñs¼mÅsÀ\Ä,ÂfÅ1¾¿¾$µ�Ä¿È:ÅsÀ\»
Á¿ÅZÁ$ºbµBÎRÏ~ÐcÑ!Òg²�´m´mÅ�Ë4µ�»Ì¾$µhÑ1¼XÅ1À�Æx¾$ÅsÉ ÂhÊb¾$¾¿µ�À1Á9²�Á¿ÉZÅ1Ä¿Èbºbµ�¾¿¼ÃÂ8ÀbµhÊ�Á$¾¿¼mÀbÅu»b²�Á$²éìXí$�RÁ�ï2¸)È\Ås¾�Á$ºbµ�Á¿¾$Êbµ Â ²�´mÊbµ�Ä9Å�ÆÁ¿º\µuÅ1Ä$Âf¼m´X´Ã²�Á$¼XÅ1ÀÈ\²s¾$²sÉZµfÁ¿µ�¾$Ä�Í�ËSµ�Â¦ºbÅPÅ1Ä¿µ Á$ºbµ�Ä$²�ÉZµuÈ\²�¾¦²�ÉZµhÁ¿µh¾ Â ²�´mÊbµ�Äp²sÄ�¼mÀ�È,¼XÑ1Êb¾¿µu¶\¸Xí1Í*Ä¿¼XÀ÷ÉFÁ§Ì ¿µÍ û Ï�ümíÂf´mÅ1Ä¿µpÁ$ÅÌÁ$ºbµ�Ñ658ò�ò87|³:ÅsÊbÀ>»Ðì {�ï@²�À\»o|B}�~�û Ïb¸BÈ,¼mÑsÊb¾$µpÁ¦²!3sµ�ÀéÆx¾$ÅsÉ êkµhÆ�¸�ìXí�¶Pî�ïC¸�è·ð·ñDÀPÊbÉM³:µh¾¦Ä8²�¾$µpÆxÅs¾
Á¿º\µ8È\¾¿Å1È>ÅBÄ�µ�»Ïè�ò�ó�ôõ»�µfÁ$µ�ÂfÁ¿Ås¾�¸

�G�F°�¤J�¨m¯�¤ ² ±!��)h��¯�£#¨ ²#¥ ±³¨©� ² ¾ ¸�¹ <> ÷ ¾ ö < > ¶·¨ ² < ö < >A=CEDGF�H���F*RPT�MeL���C�J6LNMQOPH d�� �$� >��� �$� ÷�� � �q� �
> ¤&� < ?��P���lU � �$� <�<� �$� ÷�� � þ p � �$� < ÷� �$� ÷��WtX;Z d�� �$� ÷��� �$� � � � �q� �
> ¤&� < ?��P���lU � �$� ÷ >� �$� ÷ � � þ p � �$� ÷ >� �$� ÷ �DtOVT d � �$� ��>� �$� ��� � �q� �
> ¤&� < ?��P���lU � �$� < �� �$� < ÷ � þ p � �$� < >� �$� < �� ¡m¡A£A¤ ¥ ¯ ¤!�0°�¤J�¨m¯�¤ ² ±³¶��X�;¯�£#¨ ² ¤J¢ d�� �$� ÷ <� �$� ��� � �q� �
> ¤&� < ?��P���lU � �$� ÷ >� �$� ÷ � � þ p � �$� ÷ <� �$� � �
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3 σ Sensitivity to sin2(2θ13)
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L = 810 km, 12 km off
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100x1020 pot
(Proton Driver)

∆m2 >  0
∆m2 <  0

sin2(2θ13)
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 20x1020 pot
∆m2 >  0
∆m2 <  0

T2K Phase 1
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2 σ Resolution of the Mass Hierarchy
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L = 810 km, 12 km off
∆m23

2 = 2.5 10-3 eV2
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sin2(2θ13)
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 δ

Each ν and ν̄
12x1020 pot, ∆m2 >  0

60x1020 pot, ∆m2 >  0

12x1020 pot, ∆m2 <  0

60x1020 pot, ∆m2 <  0
(Proton Driver)
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w$|�{ ûLz���ú/}�ûU}�|\ù$ú�û K � ü�ýNM �:��vLx0w�ù$ù{L�0xJ¢(ù`z�x�û<w�~�ú/}=ú	ù���v<w��]�%ú���v;ú�û���vF~`xHx:��xIw�~�ù*}�|tûFxH{F�`~$ú�ûF}
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~�w�ûL�'x*}�|1WHY'ZP��w��/{Lx&ù�|�}'~Ë��v ú/z�v��2�J}6�0xIw�ù{L~`x��Qx&û?�$ù�zIw�û%~`x&ù`}'�!�'x-��vLx*�Qw�ù$ù�v ú�xH~`w�~`z�v��'�Vw�û#¢
��v;ú�ù�~�w�ûL�'x�¢Lx�zH~`xHw�ù`x&ùX�%ú!��vV¢Lx�zH~`xHw�ù$ú	ûL����w��/{Lx&ù�}�|rù�ú�ûLKy� ü�ýNM �
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2 σ Resolution of the Mass Hierarchy
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L = 810 km
12 km off-axis + T2K
∆m23

2 = 2.5 10-3 eV2

NUE

with HK

sin2(2θ13)
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 δ

Each ν and ν̄
60x1020 pot, ∆m2 >  0

60x1020 pot + T2K, ∆m2 >  0

60x1020 pot, ∆m2 <  0

60x1020 pot + T2K, ∆m2 <  0

3 σ Determination of CP Violation
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L = 810 km, 12 km off / T2K + PD +SK
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2 = 2.5 10-3 eV2
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sin2(2θ13)
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Each ν and ν̄
60x1020 pot, ∆m2 >  0

T2K alone, ∆m2 >  0

NOνA + T2K, ∆m2 >  0

60x1020 pot, ∆m2 <  0

T2K alone, ∆m2 <  0

NOνA + T2K, ∆m2 <  0
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2 σ Resolution of the Mass Hierarchy
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L = 810 km, 12 km off
L = 710 km, 30 km off
∆m23

2 = 2.5 10-3 eV2

NUE

sin2(2θ13)
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Each ν and ν̄
60x1020 pot, ∆m2 >  0

120x1020 pot + 2nd Det, ∆m2 >  0
60x1020 pot, ∆m2 <  0

120x1020 pot + 2nd Det, ∆m2 <  0
60x1020 pot in 2nd Detector

3 σ Determination of CP Violation
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2 = 2.5 10-3 eV2
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Each ν and ν̄
120x1020 pot, ∆m2 >  0

NOνA + 2nd Det, ∆m2 >  0

120x1020 pot, ∆m2 <  0

NOνA + 2nd Det, ∆m2 <  0

¢F£¥¤�¦¨§�© Ô «¬�®?Ûø»¼º�¾ Ù ³�§�£±¹º�µ:º�¿Ç²¹°¨©\¾Ë³�±¹±J°¨£©�§´³�§´»´°I½8±¹©�µ�±¹£ ²�£¥·I£¥²�½PÉ Ó76 �v´¥©�¿4² Ù ³�µ¨©h´ Ö ³�µ�¶:²�°¨©\89�Þ·I£¥º1´³�²¹£º�µ±¹©�µ�±¹£ ²�£¥·I£¥²�½*É¬5 6 �9§¹£¤�°H² Ù ³�µ¨©�´ Ö ��©¼²~�î©�©µ\ÅÇÆ,È$³�´º�µ¨©ËÉ!±¹ºs´£¶]»¼¦�§¹·�©± Ö ³�µ�¶�²�°¨©t»¼º�¾��¨£µ�³�²�£¥º�µXº�¿FÅÇÆÇÈ$³�µ�¶\³�µ³�¶�¶9£ ²�£¥º�µ�³�´VÅÇ¦�´\=t¶9©�²¹©»¼²¹º�§�±N£¥²¹©`¶8²¹º*¾Ë©³�±N¦�§¹©�²¹°�©�±N©`»¼º�µ�¶8ºH±¹»�£X´m´¸³�²¹£º�µc¾�³�Ø9£¾�¦¨¾ É!¶¨³�±N°¨©`¶:»¼¦¨§�·�©`± Ö «]×I©©
²¹°�©Ç²�©¼ØI²d³�µ�¶Ì´³���©�´±y£¥µT��¤�¦¨§¹©`±V¿Àº�§B¶9©¼²´³�£m´±yº�¿?²�°¨©t±¹»�©�µ�³�§¹£º�±«aÅ,ÆÇÈQµI¦¨¾+��©�§´±�³�§�©d¿Àº�§î²�°¨© Ù §¹º Ù ºH±N©`¶�Å1Ú�Á9Û¶9©�²¹©»¼²¹º�§«

£7xNù`{�u0z�ú�x�û��)��}>�QxHw�ù`{F~`xË��vFx�ûFxH{F�`~$ú�ûF}-�6w�ù�ù)v ú/x�~�w�~z�v?�:}'~t�/x��F��}�û;ú/z�� �Ê��ú�}'��w��$ú/}�ûg¢L}9�%û0�`}ù$ú	ûFKy� ü�ýNM ù è�
èaé'�,��vFxH~`x�|�}'~`x����Jxt�%ú/����ú�û-�`v ú�ùBz�v<w��F��x�~dæL~$ù�Ç}�|Fw�����ù`vF}¨��¢ ú�àyxH~x�û��Çw��L�L~}�w�z�vLx&ù
��}wù�`{#¢F����vLx&ù`x:�Lw�~�w��0x��`xH~�ù��%ú!��v���w�~�'xH~�}'~\w�¢#¢ ú!��ú�}�û<w��n¢Fx���x�z��`}'~$ù��\��ûUwÊ¢#¢ ú��$ú/}�ûî�<w�ù]{;ù`x�|�{F�
w�ùQú��,�6wI�S£yxYú�û>��vLxYù`vL}'~���x�~tw�û#¢:�0xJ¢;ú/{L� �`xH~`�vùH����vLx��\{²µ%�-£7xIw��Q�	ú�ûLxVûLx�xJ¢cûL}��?¢Lx�æ�ûLx��`vLx
x�û��$ú/~`x�|�{a��{L~x>}�|1��}�ûL��Ü�£<w�ù`x���ú	ûLxÉûFxH{F�`~$ú�ûF}0}�ù`z�ú��/�/w���ú�}�ûQ�0xIw�ù`{L~xH�0x�û���ùXw��Xð<xH~�wú���w�£î�,í ûLx��*�
x���x�û:��}�ûL�'x�~�£<w�ù`x���ú	ûLx��÷£yxHw��0��ú�ûFx�zH}'{F�m¢'£7x�£L{ ú/�!�I�ka{Fz�v	w`£7xIw��0��ú	ûLxtzH}�{L�m¢>�yx�~`�vú��B|�{L����{ ù`xJ}�|
�'x�~��v ú��'v��L~`}���}�û:ú�û��`x�û ù�ú���ú�x�ù��LzH}'{F�L��ú	ûL��}�|,�`vLx>�/}�ûL��ÜN£<w�ùxH�	ú�ûLx\�QxHw�ù`{L~xH�0x�û���ù��%ú!��v%w���xH~��
��w�~`�'x��c{L���$ú!Ü2�F{L~`�7}�ù`x&¢Lx��`xHz��`}'~Xw��\w�û%{ û#¢Lx�~`�'~}'{ û#¢%��w�£7}'~`w���}'~��'�aw�û#¢�|�{L�/�î�QxHw�ù`{L~xH�0x�û��X}�|
��vFx	}�ù`z&ú/�/�/w���xX¢@ûLx�{F��~�ú�ûL}=ù�yx�z���~{L� }9�'x�~S£7}��`v��`vLx:æ<~�ù�8w�û#¢(ù`x�zH}�û0¢Ê}�ùz�ú��/��w���ú/}�û��Qw��§ú/�QwF�
ãÊx*�%ú��/�Iù`vL}9� ùx���xH~�w��Çx��Fw��Q�F�/x�ùË|�}�~Nù`{Lz�v�wµûFx�� £7xIw��Q�	ú�ûLx]w�û#¢P��vLx&ú/~��Lv���ù$ú�z�ùX�y}���x�û��$ú�w��¹�
¶Pg9h n·e1l ¸ r�j�l\[`¹�[ mplº^ » l\r�l\¼�rQ¹�[½ea^¾_�rtj m n o

{ ûLx8w��`�`~�w�z���ú���xcw��L�L~`}'w�z�v��J}'{L�©¢½£7x8��}�¢L}Pw0�QxHw�ù`{F~`xH�0x�û��X�%ú��`v�w�û�w�¢#¢ ú!��ú/}�û<w��!¢Fx���x�z��`}'~
}�û6�`vLx-�X{²µ��B£yxHw��0��ú�ûFx��`}:�0xIw�ù{L~`x\x��'x&û���ùXw�����vLx[ùxHz�}�û#¢�}�ù`z&ú/����w��$ú/}�û	�Qw��§ú/�:{F���ÇíË���`vLxù`x�zH}�û0¢0�Qw��§ú/�c{L�C��vFx��6w����x�~,x�àîx�z��Vú�ùQù`�Qw��/��xH~-£��:w]|Nw�z���}'~,}�|<��vF~`xHx�w�û#¢c��vFx�� �Þ��ú/}���w��$ú�ûL�
x�àyxHz���ù>w�~x	��w�~�'xH~£���w$|Nw�z���}'~]}�|J�`vL~`x�x��	��vLx�~`x	�%ú/���?£7xµù`{�u0z&ú/x�û��Sú	ûF|�}'~`�Qw��$ú/}�û�w9��w�ú���w�£F�/x
w����`v<w��-�$ú/�0xc��v<w��*ú��-�%ú��/�-£yx��ÇûL}9�%ûÞ��vFx���vFxH~-��v ú	ù���x�z�v û ú/â?{Lx	�%ú��/�d��}'~�Uw�û#¢�vL}9� �:{Lz�v
¢Lx���xHz���}'~0�Qw�ù$ù	�%ú/���.£7x%~xHâ?{ ú�~`xJ¢î�òð<}'~:��vLx%�L{L~�y}�ù`x%}�|-w�zIw���zH{L�/w���ú�}�û����Jx�z�}�û ù$ú©¢LxH~	�`vLx
|�}'���/}9�%ú�ûL�µùzHx�ûLw�~$ú�}L�-í\|��`xH~]�2�J}$�'xHw�~$ù-}�|�~{ û û ú	ûL�Q�%ú!��v���vFx4�t~`}��`}�ûUä�~$ú!�'x�~H�6ú!�[ú	ù]~`xHw���ú ÷ xX¢
��vLw��Xwcù`xHz�}�û#¢�}�à7Ü2w��§ú�ù.¢Fx���x�z��`}'~X�%ú��/�A£yxSûLx�xJ¢LxX¢�w�û#¢:ú!�%ú�ù�zH}�û ù�`~`{Lz���xJ¢#ú�ûP|�}'{L~Ë��xIw�~�ù]w�û#¢
��vFx�û�~{ û ù]|�}'~]w�ûUw�¢0¢ ú��$ú/}�û<w���ù$úÀ����xIw�~�ùH����v?{ ù�����vLx�~`x8�%ú��/��£7xc�2��x�����xc�'xHw�~$ù-}�|t�]�]�ø¢<w���w
�%ú��`vë��vLxv�t~}���}�û3ä�~�ú��'x�~	w�û#¢ ù�ú!�ë��xIw�~�ùQ}�|`¢Lw���w��%ú��`vë��vLx:ùxHzH}�û#¢ ¢Fx���x�z��`}'~H��£y}���v ù`�F��ú��

ç�è



D
R

A
FT

3 σ Determination of CP Violation
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120x1020 pot
T2K alone
NOνA + T2K

Blue: ∆m2 >  0
Red:  ∆m2 <  0
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95, 99 % C.L. for δCP vs sin2 2θ13
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sin22θij (12,23,13) = 0.86/1.0/varied
∆mij

2 (21,32) = 7.3e-5/2.5e-3 eV2

1 MW, 0.5 MT, 5yr, nu running

Region to right can be excluded

95, 99 % C.L. for δCP vs sin2 2θ13
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1 MW, 0.5 MT, 5yr, nu running

Region to right can be excluded

95, 99 % C.L. for δCP vs sin2 2θ13
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BNL-HS  2540 km
sin22θij (12,23,13) = 0.86/1.0/varied
∆mij

2 (21,32) = 7.3e-5/2.5e-3 eV2

2 MW 0.5 MT 5yr, anti-nu running

Region to right can be excluded

95, 99 % C.L. for δCP vs sin2 2θ13
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FNAL-HS  1290 km
sin22θij (12,23,13) = 0.86/1.0/varied
∆mij

2 (21,32) = 7.3e-5/2.5e-3 eV2

2 MW 0.5 MT 5yr, anti-nu running

Region to right can be excluded
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Regular hierarchy ν and Antiν running
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BNL to Homestake  2540 km

sin22θ23 = 1.0

∆m2 32 = 2.5e-3 eV2

Beam 1 MW, Det. 0.5 MT, Run 5e7 sec

No oscillations: 13290 evts

With oscillations: 6535 evts
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FNAL to Homestake  1290 km
sin22θ23 = 1.0
∆m2 32 = 2.5e-3 eV2

Beam 1 MW, Det. 0.5 MT, Run 5e7 sec

No oscillations: 51500 evts
With oscillations: 20305 evts
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νµ Disappearance

Solid: BNL-HS 2540 km
Dashed: FNAL-HS 1290 km
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νµ Disappearance

Solid: BNL-HS 2540 km

Dashed: FNAL-HS 1290 km
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sin2(2θ13) vs. P(ν̄e) for P(νe) = 0.02
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BNL-HS  2540 km
sin22θij (12,23,13) = 0.86/1.0/0.04
∆mij

2 (21,32) = 7.3e-5/2.5e-3 eV2

1 MW, 0.5 MT, 5e7 sec

CP 135o: 591 evts
CP 45o: 450  evts
CP -45o: 299  evts
Tot Backg.: 146 evts
νe Backg.: 70 evts
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FNAL-HS  1290 km
sin22θij (12,23,13) = 0.86/1.0/0.04
∆mij

2 (21,32) = 7.3e-5/2.5e-3 eV2

1 MW, 0.5 MT, 5e7 sec

CP 135o: 1711 evts
CP 45o: 1543  evts
CP -45o: 1114  evts

Tot Backg.: 566 evts
νe Backg.: 272 evts
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BNL-HS  2540 km
sin22θij (12,23,13) = 0.86/1.0/0.04
∆mij

2 (21,32) = 7.3e-5/2.5e-3 eV2

2 MW, 0.5 MT, 5e7 sec

CP -45o: 422 evts
CP 45o: 357  evts
CP 135o: 263 evts
Tot Backg.: 151 evts
anti-νe Backg.: 82 evts
Bck and sig. including wrong-sign
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sin22θij (12,23,13) = 0.86/1.0/0.04
∆mij

2 (21,32) = 7.3e-5/2.5e-3 eV2

2 MW, 0.5 MT, 5e7 sec, anti-nu

CP -45o: 1349 evts
CP 45o: 1097  evts
CP 135o: 991 evts
Tot Backg.: 616 evts
anti-νe Backg.: 344 evts
Bck and sig. including wrong-sign
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�M~ � � �E� �6� | � � � ��� � � �a� |@}�� � |m} ~9�m�*��� |@} �uç6� �E��| �m~��s�z��~� � �a��� �E���� Ã� ���l� � ��� � ��� � �
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� | �l����~�) � � | ~w�   0§W ìc�  ~w� |¨}�� � � �
���L~9� � ~���� � �!� |@} ��ít�Öé�� � � � � � �m���� } �
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� � � ��� �q| �ié&���Z�a� |m} ���a~w� ��� � | ��~9�G~ ��|@} ���m�:� | � � ����� |m} ��� 0§W ì }�� � � �
��� � ��~ß�
�a� � ��� � � � � ���� � ���"��� � � |�� ��~ � ������� }�� � � �
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���z� �z����| � � Ï � æ ¤6¨ | ~
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~w� ��� ��~ ��  � � �l�a�Äç } ���m���m� �q| �!� �p� �m~ � �m������~9�z�a~9� |�m� � ��� | �[~��Ì�!�3� } ~ � �Ì���Nç ����� � % � � �ç } � � �m���m��� | ��
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���
�
ª ]vhab$huig«{]6¬<j`®]�¯ � �m~ � � � ��� � � © 0Ì¯ ~ �_� �m~ | ~9����~9� �;� �[~9� � ��~ � ��� | �[~9� |@� � � � | �
Z�\^]R_a`-b�°�±�\^²�bvn~]v`K\�i�³´«{`�o�\-µa¯ % } � �w} � � ~ � �
� |� � � � | �l� | � � � |m} ��� � ¡E° çª�m� � �a���a~9�V�
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� �
�a��� � ����� | ~ � �·¶ î ç � ~ � ��� | �m� � �o~ ��|@} � |� � � � | ��� ��| � } ��� � ��� | ~ �W� ~9� � ��~ � ����~9� �
� �
� �T  � }�� �6��� � �

¸ n�i�oR¹�¬ºi~_{\�i�³ ª ¹�\w}»`¼x½hab$\^bv¬rhui¾¯ ç } �Ë���Z~9��� � ��~w� |@} � � �a� �T  ��� �p� �[~9�6� � ��� � ����� } � ����l��� ��� �   � | �
� ~ � � � � �T� � | ����� � � |m} � ��� ë �����Z���[��� |m}���|¨��� �  )�E� ~9� �N|@} �z� }�� �6��� � � %���a�a~�� � �m�a�l�[���v~ � � � � �T� � | ����� � � |@}W} � �w} �
� � � ��� �[��� | �Ã�!�M����� �f| ~Q�m~ |@��| � |@} � � � � �Ñ�!�
� ~9� � � | � � �!� �E�§��}�� �m���U� ��� �a�E����� � �Z����� ��|m} �¨�����
� �E  � � ��� ��� ~ �à|@} �¨����~����a�

±¿hÀhjÁ�¬ºi~_~¯ % ��~ � ����~9� �¦� ~ß�
�����!� � � }�� ���Z� � � � |m} } � �w} � � � ��� �[��� | ¡E°Z� 0�ê�âk� � � �T� � | �[���� � � ��� |m} �a� � � ë ��� � � }? ¬� �m~ � ��� ~w� ó ��ê �]� �m~w� � �
���Î�!�����m� �¢| ~f�m� � ���a� |m} � | � � ��� � �a�l�m�
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ÇÍÅ�Ð?ÈA¿aÁPÇ½³µÂßÇ�Ê¸¹3Ô§·�¿�Ç�¿�ÀÂ6·d³ÌÕ�¹�·sÅ�À�ÒMößÅ�·d´
¹AÇ:;àÅ�ÐÌÐVÅ�Ðµ·�¹�Å
ÒÜÎË¹OTÜ³ÖÁPÇsÂá¿�·ÞÅ ÷ ¹¾¶ÜÇ�·d³ÌÀ¸¿ � ¶¸ÃE¹¾·�×�¹mÅ�Æ º
)Ä % ó ®dä à � Ó ¯ éZMé

�    � ���µò Ý �T° Ü�Ü ò^� ¶ Ý �T° Ü�Üì %20]ï ® ïw,!Ã ¯ � � î ° � �Ü¤ì %20]ï ® ïw, í�Ä ¯ ¶ �µ¤ Ý �T° Ü�Ü ¡A� æ Ý �T° Ü�Ü
öZÅ�×¸ÐÌ¹ û�º Ý¸¼ Ô§·�¿�Ç�¿�Àp³ÌÀ
Ç�¹¾À�Ád³µÇPÎ¨ÅÇ3² ÷6û Ù�Å�À�Ò � ÷ � º ösÊ¸¹�Àa¶�Æ�×E¹¾·ÍÁ_Å�·d¹�Ç�ÅCI�¹¾ÀtÂá·d¿
Æ��½¹AÂ º � » S ý ��ÛwÅ
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���
�ç } � � ~9� � � | � � �!� �E� �z~w�U��� | ��� ���Ë��� ���[� �a� �Ì�?  ����� � �a�a� � �
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~9� � ��� | �!� ��� �!� � � � � |m} ��~ � ����~9� �N� ~V�a���l��� � ���M�6�m� �W| ~Q� � �����

|m} �������
� �E i| ~ � � î à � Ó �wç } �
�m� ���=| �
�a� � 0 �
���[���a� �[��| �!� �vó �!��� � � % �a�
� � �a� ��| ~w�Ä� � ������� |m} ������a� �E �| ~ î à � Ó � � � �k����� �[�u~ � )©�á�Z� � �O)f�[� �!� % ��| �a��� ��| �!� � à � �]� �[��� | ���!� � �u�����!� �
ë � �]� �m� � ~ � � | ��� ��� � |�� ~V�a���l��� ��� �
�a� � �a� ��| � |m} � � � � � | ~ ¡�°:à � Ó �

kub�ha]v\w_a`[x{¬�i~_�¯ % �a~E� ��� � | � � �a� | � � � � � �a~w�z� | �   ����� � ���u���m� � ��� � } ��� } ¤ î � ~ �Ë|m} ��i��~9��� � �
� �T  ��� |m} �§���a� | ���!��~ � � � �;� � ~w�����!� � � | � � � �w}?| ���a� | �[~9�g�
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